AD-A04a  930 


ONCLASSIFILO 


AEROSPACE  MEDICAL  RESEARCH  LAB  WRIGHT-PATTLRSON  AFB  OHIO  F/G  20/1 
USAF  BIOENVIRONMENTAL  NOISE  DATA  HANDBOOK*  VOLUME  85.  OV“10A  AI»-ETC(U) 
APR  77  J F ROSU.  R G POwELL 

AMRL-TR-75-50-VOL-85  NL 


AMRL-TR-75-J 


blume  85 


ySAF  BIOENVIRONMENTAL  WISE  DATA^ANDBOOK 


Volume  85 « 

6v-1j6A  Aircraft,  Near  and  Far-Reld  Noise 

OS(^  ’ 

1 Tobe'(t  l'pou)^\l  1 


Approved  for  public  release;  distribution  unlimited, 


AEROSPACE  MEDICAL  RESEARCH  LABORATORY 
AEROSPACE  MEDICAL  DIVISION 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  45433 


NOTICES 


When  US  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose  other  than  a definitely  related 
Government  procurement  operation,  the  Government  thereby  incurs  no  responsibility  nor  any  obligation  what- 
soever, and  the  fact  that  the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the  said  drawings, 
specifications,  or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise,  as  in  any  manner  licensing  the  holder 
or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell  any  patented 
invention  that  may  in  any  way  be  related  thereto. 

Please  do  not  request  copies  of  this  report  from  Aerospace  Medical  Research  Laboratory.  Additional  copies  may  be 
purchased  from; 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 

Federal  Government  agencies  and  their  contractors  registered  with  Defense  Documentation  Center  should  direct 
requests  for  copies  of  this  report  to: 

Defense  Documentation  Center 
Cameron  Station 
Alexandria,  Virginia  22314 


TECHNICAL  REVIEW  AND  APPROVAL 


This  report  has  been  reviewed  by  the  Information  Office  (01)  and  is  releasable  to  the  National  Technical  Information 
Service  (NTIS).  At  NTIS,  it  will  be  available  to  the  general  public,  including  foreign  nations. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 

FOR  THE  COMMANDER 


Biodynamics  and  Bionics  Division 
Aerospace  Medical  Research  Laboratory 

AIR  FORCE/567SO/3  Jinutry  1977  — 300 


security  Classification  of  this  page  riwi»n  Dmta  Enttrmd) 

I REPORT  DOCUMENTATION  PAGE 


REPORT  number 


2.  OOVT  ACCESSION  NO. 


AMRL-TR-75-50,  Vol  85 


4.  title  (and  Subfl((«J 

USAF  BIOENVIRONMENTAL  NOISE  DATA  HANDBOOK: 

OV-lOA  Aircraft,  Near  and  Far-Field  Noise 

7.  AUTKORf.) 

Justus  F.  Rose,  Col 
Robert  G . Powel 1 

9.  PERrORMING  organization  NAME  AND  ADDRESS 

Aerospace  Medical  Research  Laboratory 
Aerospace  Medical  Division,  Air  Force  Systems 
Command,  Wright-Patterson  AFB,  OH  45433 
II.  controlling  office  name  and  address 

Same  as  above 

14.  MONITORING  AGENCY  NAME  » ADDHESSr//  dlllarani  /rant  Controlling  Otilea) 


Ms.  DISTRIBUTION  STATEMENT  (ol  Ihia  Report) 


READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

3.  recipient's  catalog  number 


5.  TYPE  OF  REPORT  S PERIOD  COVERED 

Volume  85  of  a series 


S.  PERFORMING  ORG.  REPORT  NUMBER 


I 8.  CONTRACT  OR  GRANT  NUMBERIaJ 


to.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  S WORK  UNIT  NUMBERS 


7231-04-33 
62202F  7231-04-36 

12.  REPORT  DATE 


April  1977 


13.  NUMBER  OF  PAGES 

78 

IS.  SECURITY  CLASS,  (ol  t/il*  tmport) 

Unclassified 

ISa.  DECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited 

D D C 

rprJ:.--':.:^n  r- 

J *7.  distribution  statement  (of  tho  obttroet  onterod  in  Btoek  20,  it  d///#r«nl  from  Roport)  I iy 

I HI  JAN  27  1378 


10.  SUPPLEMENTARY  NOTES 


F 


19.  KEY  WORDS  (Continue  on  teveree  aide  if  neceaaery  and  Identify  by  block  number) 

Noise 

Noise  Environments 
Bioenvironmental  Noise 
Aircraft 
OV-lOA  Aircraft 

20.  ABSTRACT  ('Conllnuo  on  reverse  aide  If  naceaamry  and  Identity  by  block  number) 

— ' — The  USAF  OV-lOA  is  a forward  air  control  or  observation/strike  reconnais- 
sance aircraft  powered  by  one  each  T76-G-10,-12  turboprop  engines.  This  report 
provides  measured  and  extrapolated  data  defining  the  bioacoustic  environments 
produced  by  this  aircraft  operating  on  a concrete  runup  pad  for  three  engine,'' 
power  conditions.  Near-field  data  are  reported  for  7 locations  in  a wide 
variety  of  physical  and  ps.ychoacoustic  measures:  overall  and  band  sound 
pressure  levels,  C-weighted  and  A-weighted  sound  levels,  preferred  speech 


DD  .::;r73 1473  EDITION  OF  I NOV  *5  IS  OBSOLETE 


security  classification  of  This  page  (Wt,»n  Data  Rntorrd) 


security  classification  of  this  PAGEfHTun  P«l«  Bnlttmd) 

^interference  level,  perceived  noise  level,  and  limiting  times  for  total  daily 
exposure  of  personnel  with  and  without  standard  Air  Force  ear  protectors. 
Far-field  data  measured  at  19  locations  are  normalized  to  standard  meteoro- 
logical conditions  and  extrapolated  from  75-8000  meters  to  derive  sets  of 
equal-value  contours  for  these  same  seven  acoustic  measures  as  functions  of 
angle  and  distance  from  the  source.  Refer  to  Volume  1 of  this  handbook,  T^SAF 
Bioenvironmental  Noise  Data  Handbook,  Vol  1:  Organization,  Content  and 
Applicatior\)^,  AMRL-TR-75-50(  1 ) 1975,  for  discussion  of  the  objective  and  design 
of  the  handbook,  the  types  of  data  presented,  measurement  procedures,  instru- 
mentation, data  processing,  definitions  of  quantities,  symbols,  equations, 
applications,  limitations,  etc. 


security  CLASSiriCATION  OR  This  PAOEflWiAn  Dal*  Enlararf) 


wmmmmu 


PREFACE 


This  report  was  prepared  by  the  Biodynamic  Environment  Branch,  Aerospace  Medical  Research 
Laboratory,  under  Project/Task  723104,  Measurement  and  Prediction  of  Noise  Environments  of  Air 
Force  Operations. 

The  authors  gratefully  acknowledge  Mr.  John  Cole  for  his  assistance  in  preparing  this  report,  Lt.  Col 
Donald  Gasaway  of  the  USAFSAM/NGEA,  Brooks  AFB,  TX  for  providing  near-field  data,  Mr.  Keith 
Kettler,  Mr.  Henry  Mohlman  and  Mr.  David  Eilerman  of  the  University  of  Dayton  for  assistance  in  the 
mechanics  of  data  processing,  and  Ms.  Norma  Peachey  and  Mr.  Mike  Patterson  for  assistance  in  typing 
and  preparation  of  the  graphics. 
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INTRODUCTION 


] The  USAF  OV-  lOA  is  a forward  air  control  or  observation/strike  reconnaissance  aircraft  powered  by  one 

I each  T76-G-10, 12  turboprop  engines.  The  aircraft  was  manufactured  by  North  American  Rockwell  and 

the  engines  by  the  Garrett  Corporation. 

This  volume  provides  measured  and  extrapolated  data  defining  bioacoustic  environments  produced  by 
this  aircraft  during  ground  runup  operations.  Such  data  are  essential  to  evaluate  ear  protection 
1 requirements,  limiting  personnel  exposure  times,  voice  communication  capabilities,  and  annoyance 

> problems  associated  with  ground  runups  of  the  OV-lOA  aircraft.  The  measured  data  presented  in  this 

, volume  were  acquired  by  the  Aerospace  Medical  Research  Laboratory  ( AMRL),  Wright-Patterson  AFB, 

OH,  and  the  USAF  School  of  Aerospace  Medicine  (USAFSAM),  Brooks  AFB,  TX. 

This  volume  is  one  of  a series  published  by  the  AMRL  under  the  same  report  number  (AMRL-TR-75-501 
as  a multi-volume  handbook  that  quantifies  the  noise  environments  produced  at  flight/ground  crew 
locations  an  in  surrounding  communities  by  operations  of  Air  Force  aircraft  and  ground  support 
equipment.  The  far-field,  community-type,  noise  data  in  the  handbook  describe  the  noise  produced 
during  ground  operations  of  aircraft,  ground  support  equipment,  and  other  ground-based  equipment  or 
facilities. 

Volume  1 of  this  handbook  discussed  the  objectives  and  design  of  the  handbook,  the  types  of  data 
presented,  measurement  procedures,  instrumentation,  data  processing,  definitions  of  quantities,  sym- 
bols, equations,  applications,  limitations,  etc.  Volume  2 provides  a method  and  data  for  adjusting  the 
handbook’s  far-field  noise  data,  which  are  for  standard  meteorological  conditions  (15  C temperature, 
70%  relative  humidity,  0.760  meters  Hg  barometric  pressure),  to  derive  comparable  data  for  other 
meteorological  conditions. /?e/’er  to  Volumes  1 and 2 (reference  1 and  2)  for  such  information  because  it  is 
not  repeated  in  other  handbook  volumes. 

A cumulative  index  lists  those  aerospace  systems  contained  in  the  handbook,  and  identifies  the  specific 
volumes  containing  each  type  of  environmental  noise  data  available  (i.e.,  inflight.flight  crew  and 
passenger  noise,  near-field/ground  crew  noise,  far-field/community  noise).  Volume  numbers  are  as- 
signed sequentially  as  individual  volumes  are  published.  This  index  is  periodically  updated  as  indi- 
vidual volumes  are  published  an  is  available  upon  request  from  AMRL/BBE,  Wright-Patterson  AFB, 
OH  45433.  Organizations  on  the  distribution  list  for  the  handbook  will  automatically  receive  a copy  of 
each  updated  index. 

Direct  any  questions  concerning  the  technical  data  in  this  report  and  other  handbook  volumes  to: 
AMRL/BBE,  Wright-Patterson  AFB,  OH  45433;  AUTOVON  78-53675  or  78-536fc4;  Commercial  (513) 
255-3675  or  (513)  255-3664. 


1.  Cole,  John  N.,  USAF  Bioenvironmenta!  Noise  Data  Handbook.  Volume  1 : Or/janization , Content  and  .■Xpplica- 
tion,  AMRL-TR-75-50  (1)  Aerospace  Medical  Research  Laboratory.  Wright-Patterson  Air  Force  Ba.se.  Ohio. 
1975. 

2,  Cole,  John  N.,  USAF  Bioenvirnnmental  Noise  Data  Handbook,  Volume  2:  Procedure  to  Eealuate  Klfeets  of 
Non-standard  Meteorological  Conditions  on  Far-Field  Noi.se.  AMRL-TR-75-50  (2),  Aerospace  Medical  Research 
Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio,  1975. 
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NEAR-FIELD  NOISE 


MEASUREMENTS 

USAFSAM  acquired  near-field  noise  data  on  the  OV-lOA  aircraft  during  ground  runup  operations  of  its 
turboprop  engines  (Reference  3).  For  these  tests  the  aircraft  was  at  Eglin  Air  Force  Base,  Hurlburt  Field, 

FL.  Table  1 lists  the  four  engine-power  conditions  and  near-field  locations.  The  ground-crew  chief 
selected  power  conditions  and  near-field  locations  generally  used  during  routine  maintenance  or  engine 
runup  for  preflight  checks.  I 

At  each  near-field  location  a test  engineer  randomly  moved  a hand-held  microphone  in  and  around  each 
location,  probing  all  areas  where  a crew  member’s  head  would  normally  be  located.  During  this  test  he 
recorded  a 15-20  second  noise  sample  on  magnetic  tape  at  each  location.  During  analysis  of  each  sample, 
he  determined  the  octave  band  root-mean-square  sound  pressure  levels.  Figure  1 shows  the  seven 
near-field  locations  where  ground  crew  are  usually  located  for  maintenance  and/or  preflight  checkout 
operations.  Estimates  of  noise  levels  at  other  locations  are  difficult  in  the  near-field  since  the  noise 
source  is  spatially  distributed,  i.e.,  not  a point  source.  The  noise  levels  at  near-field  locations  can  vary 

widely  depending  upon  relative  distances  from  each  noise  source  (intake  noise,  exhaust  noise,  panel  < 

resonances,  internal  engine  noise  through  the  engine  wall,  etc.).  I i 

Table  1 lists  the  numeric/alphabetic  designators  used  on  the  data  pages  in  this  report  to  identify  the 
measurement  locations  and  test  conditions.  For  example,  the  designator  1/A  ground  crew  location  1 and 
test  condition  A. 

RESULTS 

The  measured  data  presented  in  Table  2 define  the  sound  pressure  levels  (SPL)  produced  by  the  OV-lOA 
aircraft  at  the  seven  ground  crew  locations.  This  table  includes  the  overall  and  octave  band  levels.  From 
these  data  one  can  calculate  the  variety  of  measures  given  in  Table  3,  which  are  widely  used  to  assess  the 
effects  of  noise  or  personnel  and  their  performance. 
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3.  Gasaway,  Donald  C.,  Noise  Associated  With  Operation  of  Air  Force  OV-lOA  Aircraft,  SAM-TR-70-51,  USAF 
School  of  Aerospace  Medicine,  Brooks  AFB,  Texas,  1970. 


Figure  1.  Near-Field  Measurement  Locations 
on  a Taxiway  at  Hurlburt  Field,  FL 
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TABLE  1 

MEASUREMENT  LOCATIONS  AND  TEST  CONDITIONS 
FOR  NEAR-FIELD  NOISE  MEASUREMENTS 


OV-lOA  Aircraft,  Ground  Runups 
Hurlburt  Field,  FL 


Ground  Crew  Location* 

1 

2 

3 

4 

5 

6 
7 

Aircraft  Engine  Operation 
A 
B 
C 
D 


Left  Side,  60  degrees  at  22  ft. 
Right  Side,  20  degrees  at  18  ft. 
Right  Side,  45  degrees  at  32  ft. 
Right  Side,  60  degrees  at  35  ft. 
Right  Side.  60  degrees  at  23  ft. 
Right  Side,  90  degrees  at  22  ft. 
Right  Side,  135  degrees  at  26  ft. 


Left  Engine  Idle 

Both  Engines  Idle 

Both  Engines  Taxi 

Both  Engines  Taxi,  High  RPM 


* Locations  are  relati  ve  to  the  intersection  of  the  aircraft’s  centerline  and  the 
propellers'  plane. 
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FAR-FIELD  NOISE 


MEASUREMENTS 

AMRL  acquired  all  far-field  data  during  a 1-hour  period,  thus  keeping  similar  meteorological  conditions 
throughout  the  test.  Figure  2 shows  the  ground  runup  pad,  ground  cover,  aircraft  orientation  and  19 
microphone  measurement  sites  on  each  of  two  semicircles.  The  center  of  the  76  meter  radius  semicircle 
used  in  surveying  the  T76-G-10,  12  engines  was  on  the  ground  directly  below  the  intersection  of  the 
aircraft’s  centerline  and  the  plane  passing  through  both  engines’  propeller  planes. 

Table  4 provides  cockpit  readouts  of  engine  characteristics  RPM  and  torque)  for  each  power  setting 
used  in  the  far-field  tests.  Also  listed  in  this  table  are  the  surface  meteorological  conditions  during  data 
acquisition. 

All  19  microphone  measurement  sites  are  in  the  acoustic  far-field  of  their  respective  source  where  the 
sound  wave-fronts  spherically  diverge  and  the  noise  source  may  be  regarded  as  a point  source. 

A portable  microphone/tape  recorder  system  was  used  to  sequentially  record  5 to  10  seconds  of  noise  at 
each  far-field  location.  The  microphone  was  hand-held  1.7  meters  (5-1/2  feet)  above  the  ground  and 
pointed  at  the  source  (0°  angle  of  incidence).  These  samples  were  then  time-integrated  to  derive  a 
root-mean-square  sound  pressure  level. 

RESULTS 

Table  5 lists  the  overall  and  1/3  octave  band  SPLmeasured  at  the  far-field  locations  under  meteorologi- 
cal conditions  at  the  time  of  the  test.  Data  in  all  other  figures  and  tables  are  based  on  these  levels.  These 
data  were  normalized  to  200  meters  distance  and  standard  meteorological  conditions  ( 15  C temperature, 
relative  humidity,  0.760  Hg  barometric  pressure)  and  used  to  derive  the  graphic  data  in  Figure  3 
which  provides  a compact  summary  of  the  far-field  noise  characteristics  of  the  OV-lOA  aircraft  in  a 
standard  format. 

Figure  4 and  Table  6 present  two  basic  acoustic  measures,  the  acoustic  power  levels  and  the  directivity 
index,  respectively.  The  acoustic  power  level  describes  the  power  radiated  by  the  source  as  a function  of 
frequency.  The  directivity  index  is  a standard  acoustical  engineering  measure  that  describes  the 
geometric  way  in  which  the  source  radiates  this  power  as  a function  of  both  frequency  and  angle  from 
source.  These  basic  source  measures  are  primarily  of  interest  for  acoustical  engineers  and  noise 
generation/control  specialists. 
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Estimates  of  the  noise  characteristics  for  intermediate  power  settings  (e.g.,  80^  RPM)  and/or  different 
number  of  engines  operating  (e.g.,  single  engine)  can  be  determined  as  explained  in  Volume  1 of  this 
handbook. 


Figures  5 through  1 1 are  sets  of  equal  noise  contours  describing  seven  different  measures  of  noise  as  a 
function  of  angle  and  distance  from  the  source  for  standard  day  meteorology.  They  are  respectively, 
overall  sound  pressure  level,  C-weighted  sound  level,  A-weighted  sound  level,  perceived  noise  level, 
speech  interference  level,  permissible  exposure  times  for  personnel  and  octave  band  sound  pressure 
levels. 

Data  excessively  influenced  by  spurious  background/electronic  noise  were  eliminated  from  all  figures 
and  tables.  No  data  are  presented  at  the  180-degree  location  for  the  idle  and  military  power  settings 
because  of  turbulent  air  flow  behind  the  aircraft.  Typically,  the  A-weighted  level  for  that  angle  is  5 to  10 
dBA  below  the  level  at  the  170  degree  location. 

Test  personnel  performed  noise  surveys  during  quiet  periods  when  the  background  noise  was  minimal, 
e.g.,  early  in  the  morning  when  no  other  aircraft  or  engine  test  stands  were  operating. 

Volume  2 of  the  handbook  describes  the  influence  of  meteorology  on  far-field  noise  environments,  and 
provides,  if  required,  the  factors  necessary  to  adjust  the  handbook’s  standard  meteorological  day  data. 
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BASED  ON  calculated  SPL  SPECTRUM  UNDER  PROTECTIVE  DEVICE 

additional  ear  protection  required. 


TABLE  4 


TEST  CONDITIONS 


FOR  FAR-FIELD  NOISE  MEASUREMENTS 

OV-lOA  Aircraft,  Ground  Runups,  Eglin  AFB,  FL 
10  February  1969  Tail  # 6613553, 


Aircraft  Engine  Operation 


Locked  Props 


Military  Power 


Meteorology 

Temperature 
Bar  Pressure 
Rel  Humidity 
Wind  — Speed 

— Direction 


Both  Engines 
70  % RPM 

600  foot  pounds  torque 

89  % RPM 
< 600  ft.  lb  torque 

101  % RPM 
1900  ft.  lb  torque 


11.8  C 
0.769  M Hg 
48% 

2.1  M/Sec  (4  Kts) 
060  Deg 
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Lt«L  CORRtCrea  to  remove  eflCKGROONO/ELECTRONIC  NOISE 


NOISt  S3URCt/SU3JtCTI  1 OPERATION!  I liEIEOROLOG T I 

( lOLs  POHEi  > TEMP  = IS  C 
OV-lOA  AIRCRAFT  < 70%  RPN  > BAP  PRESS  = .760  N 
T76-&-ia/12  ENGINE  I BOTH  ENGINtS  I RSC  HUNIO  » 70  % 


reONtf)  JlNd  (eo)  'IdSVO  (f80>  VISVO  (60)  llSd  (€0)  IdS  0NV6  100 

02T  OTT  QOT  06  CO  01  CTT  DOT  06  09 


100  110  120  130  140 

PHL  (08P  i<t  10  e-12  WATT) 


n 


I 


•a 

O' 


I 


] 


II 


f 


PML  (OaP  R£  10  £-12  H4TTJ 


IllVH  2T 


lOENTIFICATIO 


^ 

ro 

K.  o > 

< 4 

Oh.  r u 

UJ  00  z o 

X UJ  3 <9  < 

O h-  (X  o 0. 


► (/)  o 

o (/>•-* 

O UJ  X 

-j  a 3 

o ax 

Of  a 

o X a -i 

llJ  UJ  4 tlJ 
»-  h.  O o' 


— ^ r o 
z 'y  a z 

O « IV  lU 

H“  M X X 
<*  J ►- 

a o o 

UJ  X w ffl 

a 

o 


O <t  I •»• 

</)  O o u. 

^ I 

ui  I o a 

(/I  > h.  <» 

>-t  o *-  u. 

o 
z 


o 

«o 

o 

h) 

*n 

O' 

O' 

(T 

.r 

(NJ  UN 

CO 

CO  4 

a 

0 

9 

9 

o 

eo 

UN 

4 

CO 

(NJ  UN 

Cs. 

4 

4 

o 

(T* 

u> 

CO 

(NJ 

K 

1 

<.1 

1 

1 1 

1 

O 

ro 

tA 

s£> 

CO 

CO 

O' 

W^ 

4 

t4  W U) 

4 

4 

CO 

4 

(NJ 

(NJ 

CSJ 

4 

(NJ 

UN 

<0  CNJ 

CO 

UN 

CO 

CNJ 

O' 

«4 

« 

• 

1 

1 1 

o 

a 

o 

fO 

aD  O 

<r 

O'  r*. 

CO 

o 

(NJ 

9H 

O 

o 

O 

(NJ 

O 

«-(  (NJ  O' 

4 

1 1 

1 

tU 

1 

1 

.H 

O 

trt 

W 

o 

CO 

h. 

UN 

O 

UN  sO  UN  CNI 

O 

o 

o 

(NJ 

(NJ 

o 

«>  u> 

CO 

1 1 

1 

1 

1 

o 

o 

o 

o 

o 

ra 

CNJ 

ro 

CSJ 

O' 

CO 

h.  h- 

t 

(NJ 

CO 

(NJ 

CO 

(NJ 

CO 

CSJ 

(NJ 

(NJ 

(NJ 

(Nl 

o 

(NJ 

O 

o 

UN 

CO 

(NJ 

(NJ 

(Nl 

f«0 

1 « 

1 

.H 

o 

o 

o 

o 

o 

ro 

fO 

CO 

lO 

(NJ 

CO 

w 

h.  UN 

4 

o 

CNJ 

CO 

CO 

(NJ 

(NJ 

(NJ 

CO 

CO 

CO 

C3 

CNJ 

CO 

4 

CO 

(NJ 

(NJ 

(NJ 

CO 

CO 

fVJ 

• 1 

1 

1 

a 

CSJ 

o 

Ti 

fO 

fO 

CO 

CO 

(NJ 

(NJ 

CO  4 

4 

UN 

U) 

sO 

N. 

K. 

93 

vO 

h. 

K 

9 

9 

CO 

CO 

4 

4 

N. 

K 

U> 

CO 

1 1 

1 

1 

o 

<\J 

o 

(\i 

CO 

-»• 

UN 

4 

4 

4 

(NJ  CNJ 

o 

(NJ 

w 

.H 

CO 

CO 

CO 

CNJ 

CO 

CO  4 

CO 

4 

4 

UN  CO 

fO 

(NJ 

CO 

4 

oo 

o 

1 

1 

rt 

O 

o 

fO 

rj 

(NJ 

fO 

o 

CNJ 

CO 

UN 

UN 

f..  Cw 

UN 

CO 

(NJ 

(NJ 

(NJ 

CSJ 

O 

o 

o 

o 

(NJ 

(NJ 

CO 

sO 

4 

(NJ 

O 

a 

CO 

UJ 

O' 

f 

o 

Ui 

o 

f\J 

(NJ 

O 

UN 

4- 

o 

CO 

a 

f ^ 

(NJ 

W 

(Nf 

CO 

4 

CO 

(NJ 

(NJ 

w 

o 

o 

4 

sC 

CNJ 

(NJ 

•o 

CNJ 

(NJ 

-1 

O) 

1 

o 

z 

< 

o 

(NJ 

H 

N. 

CO 

fs. 

CO 

o 

o o 

O 

o 

tH 

CNJ 

CO 

CNJ 

CO 

CNJ 

tU 

(Nl 

CO 

O 

UN 

4 

O 

"O 

(NJ 

CNJ 

UN 

N. 

1 

a 

rvj 

o 

O 

4- 

a 

UN 

UN 

CO 

N.  UN 

CO 

w 

(NJ 

(NJ 

CO 

CNJ 

(Nl 

CNJ 

CO 

CO 

CO 

(SJ 

(NJ 

CO 

4 UN 

4 

O 

(NJ 

CNJ 

CO 

4 

\D 

1 1 

1 

o 

^o 

ITi 

iM 

ro 

J* 

fO 

:f 

UN 

l^ 

-o 

O'  UN 

(NJ 

cn 

o 

o 

(Nl 

(NJ 

n 

CO 

CO 

4 

sO 

flO 

o 

4 

ITt 

1 1 

1 

o 

fVi  <\J 

CO 

sO 

s£ 

O' 

UN  4 

w 

o 

O 

w 

O 

(NJ 

(Nl 

(NJ 

CSJ 

(NJ 

CO 

CO 

4 

U> 

O 

W 

UN 

' 

' 

1 1 

1 

o 

(NJ 

ro 

(NJ 

rw 

N. 

vO 

L(N 

N. 

vD  O' 

O' 

U>  4 

o 

O 

CNJ 

(NJ 

(NJ 

O 

«H 

CO 

fO 

u> 

N.  CO  U) 

O 

(NJ 

o 

CNI 

OO 

••0 

1 

1 1 

' 

1 

o 

(NJ 

ro 

fO 

(NJ 

O' 

(NJ 

N. 

(SJ 

O' 

u)  CO 

(NJ 

(NJ 

o 

CO 

CO 

CO 

O 

O 

o 

(NJ 

CO 

(O 

(NJ 

CO 

W CO 

u 

o 

rg 

tH 

1 1 

1 

o 

a> 

(NJ 

(T 

CO 

fw 

UN 

O' 

O' 

UN  CO 

tH 

(NJ 

CO 

(NJ 

o 

o 

o 

CNJ 

lO 

'O 

CO 

U) 

(NJ 

o 

o 

O' 

1 

1 1 

r4 

1 

u> 

r\j 

t 

rsj 

O' 

K> 

-o 

•H 

4* 

U)  30 

N. 

UN  ^ 

CNJ 

4 

CNJ 

O 

(NJ 

CO 

o 

o 

O 

o 

CO 

« 

CNJ 

CNJ 

UN 

CO 

(NJ 

a 

O' 

1 * 

1 

1 

UJ 

> 

UN 

J 

CJ 

A 

«x 

• 

UJ 

• 

UJ 

M 

u> 

a 

o 

h) 

o 

O 

ll\ 

O 

o 

C4  UN 

O 

o o 

o 

<4 

o 

O 

a 

a 

o 

e 

o 

a 

o 

o 

> 

CO 

UN 

O 

o 

o 

O 

o 

o 

< 

q: 

X 

u 

tVJ 

^ \t>  sD 

•« 

O 

(NJ  sO 

o 

UN 

•H 

O 

O CO 

o 

O 

UN 

o 

o 

e 

UN 

o 

o 

o 

o 

o 

«x 

CO 

\D 

CSJ 

UN 

o 

o 

o 

o 

o 

ar 

u. 

w 

o 

(NJ 

(NJ 

CO 

4 

UN  sD 

« 

O 

(NJ 

vO 

o 

UN 

o 

o 

»o 

a 

o 

h* 

W 

(NJ 

UN 

o 

o 

o 

o 

Ui 

W 

CNJ 

(NJ 

4 

UN 

sO 

e 

o 

o 

w 

CNJ 

4 

40 

> 

fO 

O 

o 

X 

-- 

_ 

_ 

-- 

-- 

22 


lOQ  1000 

3IST«NCt  FROM  SOURCE  (METERS) 


o 


(OU>oiAeu>au\ou\e(A 


1000 

OISTANCE  FROn  SOURCE  (METERS) 


o 

k M 

«• 

z 

o 

o 

1 

»-4 

<M 

^ O 

< 

• Q 

in 

u 

▼4  1 

N. 

m 

►H 

in  m 

Ul 

K o 

>“ 

►-C 

< 

w 

CD  W 

Z 

Ul 

z 

Ul  V)  z 

o 

Ul 

Z UJ  3 

m 

< 

o 

O H.  0^ 

o 

a 

u>  o o 

^ 

fs 


^ cn  o 

O VI  »-i 

o uj  r 

O 0.  z 

fif  O. 

O Z 0^  -I 
aJ  UJ  4 uJ 

I-  ^ CD  ni 
UJ 

r 


••  >-  r o 
z a:  Q.  r 
O (V  UJ 
»-•  ►- 

»-  »H  X I 
< J -H  ►- 
0^  M O O 
UJ  Z 'H  CD 
CL 
O 


z 

1 •• 

3 -4 

1 ^ 

UJ 

O UJ 

1 O 

z 

(/I  > 

1 UJ 

I-  M 

UJ 

1 -> 

u.  o UJ 

«l  -J 

1 ffi 

< Z (/) 

Jt 

• o 

UJ  «-• 

» V) 

o o 

ar  < 

1 N 

QC  M Z 

ul  3 

1 UJ 

M 

> or 

1 o 

< V a 

O UJ 

1 a: 

o «l 

1 3 

^ i^ 

1 o 

1 

•• 

1 V) 

o o u. 

UJ 

f 

W 1 

0£ 

1 Ul 

1 a: 

5 *« 

1 (/I 

> N»  < 

• M 

O M U. 

M 

1 o 

U. 

1 z 

C0U>Oli\e3U>OIX\OU>OU>Otf\O 

O'^uiiiN\0N0KN.««e0'0>oow 


z 

i-KeDOOUJb.OZl-l*)^^ZZ 

o 


0. 


«tZO^Ul  MZ  QUJOQ^UJUJVI 


« 

a> 

ir\ 

fSi 


CO 

in 

ro 

CNJ 

in 


flO 

in 


t 

J 


f 

\ 


100  1000 

DISTANCE  FROM  SOURCE  (METERS) 


A 

^ u 

1 CO 

o 

• Q 

«• 

1 

z 

o 

• 

o 

1 

1 w 

(M 

1 z 

^ o 

1 M 

<x 

• o 

(A 

1 O 

o 

'H  1 

K 

1 0. 

lA  ^4 

1 

u. 

o 

> 

1 

►s 

«t 

1 1 

C9  ^ 

X 

Ui 

1 1 

2 

Ui  (/)  z 

o 

1 1 

Ui 

Z Ui  3 

« 

< 

1 1 

o 

o 

a 

1 1 

1 1 

^ A A 

A A 

A ^ 

1 1 

l/>  (/I 
QC 

^ 3 
-i  o 
< ^ 
z 
u o 
> o 


o 

X 


O X X 


lA  O O 
^ \0  K 


It  II  II 

>-  (AO 
O t/>  I-I 

o ui  c 

-J  OiO 

o a z 

(X  a 

o X 0^  -I 

Ui  iU  4 UJ 
^ (C  0^ 
Ui 

z 


o 

1 

J 

1 

(A 

</) 

• 

Ui 

4 

1 

V 2 

o 

1 

'iJ  ►-« 

1 ** 

Z O 

1 z 

o r 2 

_l 

1 n 

a.  a.  lu 

UJ 

1 1-4 

z 

» 

1 

Ui  z 

IJ  A 

1 <1 

J X 

-i  o 

• or  O o o 

{S 

1 UJ 

M N.  CD 

o a 

1 a 

Z 

1 o 

3 

1 

O 

1 ^ 

WWW 

o 

1 •• 

•1 

1 

UJ 

O UJ 

1 o 

2 

ui  > 

1 Ui 

1-4 

^ UI 

• n 

Uk  O UJ 

X ^ 

1 X 

4 Z (/) 

O 

1 o 

0^  Ui  M 

HI  ^ 

• (A 

o o 

Ui  < 

• N 

0^  Ai  z 

X o 

1 UI 

1-4  ^ 

• «x 

1 o 

4 V O 

O UJ 

1 a: 

a ^ 

1 3 

Ui 

1 o 

4 1 M 

•• 

1 (A 

O O u. 

Ui 

I 

•n  1 

Of 

• UJ 

1 sD  Oi 

3 «> 

1 <A 

> A-  4 

1 M 

O ^ U. 

M 

( O 

U. 

1 2 

o o 


o o o o 


o o o 


<zo*Juj  Mz  auJOQ^ujui(/) 


» 


100  1000 

UISIANCE  FROM  SOJRCC  (HtlERS) 


1000 

DISTANCE  FROM  SOURCE  (METERS) 


100  1000 

OISTANCL  FROM  SOURCE  CMETERSI 


I 


U\ 


• o as 

w4  I K. 

VS 

O >• 

< < 

O w X bJ 

Ui  c/l  z o 

Z Ui  3 « < 

o ^ (X  O 0. 


UJ 


Ui  ^ 
J 4 

CD 
Q a 

z — 

3 

o 

t/)  t/1 
0^ 
•I  3 
-I  o 

4 ^ 
or  Z 
UI  O 


X 


o o 
w N. 


I)  II  M 


V iA  Q 

O CO  !-• 

O UJ  Z 

-I  0^  3 

O 0.  Z 

X 0. 

O Z (X  ^ 
Ui  UJ  4 UJ 
»-  H*  CD  or 
UI 


(/I 

UJ 

z 


X 
111 

- X o 

z o z z 

O 0.  0.  lu 
H4  Of 
W Ui  z 
4 ^ X M 

o o o 

UJ  M 3 

a 

o 


» u 

1 

o 

1 * 

1 M 

ui 

a Ui 

• U 

z 

Ui  > 

1 UJ 

►-  M 

^ UJ 

• 3 

u.  o Ui 

Z .1 

• CO 

4 Z CO 

L» 

1 3 

Of  Ui  M 

M ^ 

1 (/) 

a ® 

Ui  4 

• X 

0^  M Z 

Z 3 

1 UI 

M ^ 

• 0 

• o 

4X0 

4 Ui 

I O' 

O U 

1 3 

1 o 

4 % M 

•• 

1 (/) 

O o Ui 

UI 

• 

^ • 

QC 

• UJ 

• sO  (X 

• CO 

9»  K 4 

O ^ 

f M 

O ^ U 

1 o 

u. 

f z 

4a\ou\our>ou\oa\oii\ 

ffi4’U>ii\\04>K-N.<B0'O(r(r 

Q 


»H4eDUOUJU.OXM^^ 

o 

0. 


sD 

u> 


vO 

U\ 


ooooooocsoooa 


tH  w 


4ZO.IUJ  mZ  OUJOCXUJUJI/) 


n 


1 1.5  2 3<«5681  1 

100  1000 

OISTANCt  FROM  SOURCE  (METERS) 


1000 

DISTANCE  FROM  SOURCE  (METERS) 


>CDomoiAOii\oif\eu>o 


o 

i z 

^ «4  W 

•• 

1 a 

z 

o 

I 

o 

1 ^ 

f z 

^ o 

1 H«<0OOUII^OZM^^ 

< 

• o 

tfs 

1 o 

u 

N» 

0 

1 a 

K4 

1 

w 

ri»  e 

► 

1 A A A ^ 

» ^ ^ ^ m 

» ^ A M 

1 

< 

1 1 • 

• 

• 

• 

• 

• 

• 

o ^ 

Z 

ui 

1 1 • • • 

0 t 

z 

Ul  (/)  z 

o 

1 1 • 

• 

• 

• 

• 

• 

• 

S ^ 3 

O ^ Of 

0 

o 

0 

0. 

1 • • 

1 1 • 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

1 

1 1 • 

• 

• 

• 

• 

• 

• 

1 

A ^ 

^ A A 

««  A 

«%  ^ 

II  • • • 4 

» • • • 

> • • • 

0 

X 

O Z X 


UV  O o 
<0  ^ 


V (/>  O 

O (/)  M 

O 'aJ  Z 

^ Of  3 

o ax 

a;  a 

o Z « <J 
Ui  llJ  < UJ 
^ ^ OD  0^ 


t/) 

Ul 

^ z 

tiJ  M 

- z o 

Z O X z 

n a a «iJ 
iz 

^ ui  z 
< -J  X >- 
(Z  O o O 
UJ  o 
a. 
o 


O 

• •• 

Z «l 

1 ^ 

UJ 

llj 

1 o 

z 

a > 

1 ul 

►-  M 

0 UJ 

1 -> 

lA.  O UJ 

> ^ 

1 0 

4 Z </) 

1 3 

Of  Ul  M 

Al  -1 

1 (A 

o o 

o < 

1 X 

Of  M Z 

Of  3 

• UJ 

M ^ 

IJ  O 

1 o 

< X 0 

a jj 

1 (Z 

• 3 

1 O 

< 1 »-» 

•• 

1 

o o u. 

ul 

1 

^ I 

Of 

• UJ 

1 0 Of 

3 OO 

1 </) 

> ^ < 

o ^ 

1 

O ►- 

M 

1 o 

u. 

1 z 

• m 

0 0 


: •-  • 'S 

y X- 


m “Jo 


I “S  . 


• • • •x  • 


Ky\ 


V ■r~\ 


> O • • • O 

o • 


o o o a o 

<Xi  ^ ^ 0 ^ 


oooooooooo 

(row(vifo<^u>0v«> 


»HZ  OulOCZUiUJCn 


1 1.5  2 3 45661  1 

100  1000 

OISTANCt  FROH  SOURCE  (NETERS) 


I 


34 


100  1000 

DISTANCE  FROM  SOURCE  (METERS) 


1000 

OISIANCE  FROM  SOURCE  (METERS* 


0 

1 

(\) 

^ o 
• o 

^ I 

l^  c\i 
K o 

Ul  (/>  z 
Z UJ  3 
O ►-  Qtf 


4 

r 


ui 

o 

4 

a 


cd 

X 

o r ^e 


o o 

^ 


tl  II  II 

> (/)  O 

O «/)  w 

O UI  X 

^ (X  3 

O Q.  Z 

q:  a 

o X ^ 

UI  UJ  < UJ 
H*  I-  ® IZ 


•S 

1 

• 

M 

1 

(/» 

1 

a. 

I 

1 

1 t/) 

(/) 

• a 

UJ 

Ai 

1 o 

z 

1 V 

M 

UJ 

1 ••  0. 

o 

1 z 

X z 

• O O X UJ 

UI 

1 N-I  uJ  X 

o 

1 ^ X 

X 

z 

1 «t  o 

.V  »• 

UJ  A 

• X O <3^  O 

a> 

1 UI  ^ 

flO  CD 

uJ  O 

1 0. 

U. 

• o 

0^ 

1 

Ui 

1 ^ 

WWW 

*-  (A 

1 

z oc 

1 

M 3 

• 

o 

1 

X 

1 

o z 

1 

UI  o 

1 

UJ  u 

1 

Q. 

• •• 

(/I  ^ 

1 *» 

UJ 

*>ij 

1 o 

z 

o » 

I Ui 

H*  »-» 

U UJ 

1 ^ 

U.  O UJ 

X -1 

1 CD 

< Z (/) 

X 

1 3 

nf  UJ  >-■ 

UI  ^ 

1 (A 

(J  o 

< 

1 

Of  <VJ  z 

UJ  3 

1 UJ 

M ^ 

X or 

1 o 

«t  V O 

a Ui 

1 X 

o ^ 

1 3 

UJ 

• o 

4 1 

M 

1 iA 

O o U. 

UI 

• 

^ 1 

X 

1 iJ 

• 03  X 

• (/> 

» N.  4 

o ^ 

• »-• 

o ^ u 

1 o 

u. 

• z 

CDU>eir>eu\ou\omau\o 

0^^<ttf\U>«O^OKK»««00' 


M<<DOOUlU.OZM^^^ 

o 

a 


**zoJuj  i^z  ouioixuluicn 


3fi 


100  1000 

DISTANCE  FRON  SOURCE  (METERS) 


100  1000 

OISTANCt  FRO*1  SOURCE  (METERSi 


100  1000 

OISTflNCE  FROM  SOURCE  (MEIERS) 


100  1000 

distance  from  source  CMETERS) 


1 


1 

^ A M 

««  «« 

o 

T 

m 

1 

Z 

o 

1 

O 

1 

• 

M 

M 

H-  ^ O 

< • 

O 

lA 

O ^4 

1 

K. 

A. 

1 

6-4 

lA  M 

w 

K O 

V 

IH  < 

4 

t 

W O ^ 

X 

Ui 

Z Ul  (A  Z 

o 

UJ  Z 

UI  3 

• 

4 

1 

O O 0^ 

O 

a 

1 

1 

• 

1 

1 

1 

• 

1 

1 

1 

1 

O 

1 

1 

t 

1 

x 

1 

'A 

1 

• 

fw 

1 O 

x 

X 

1 

% tA 

o 

o 

t w* 

40 

K 

• 

Iw 

1 

• 

1 

1 

•k 

1 N 

N 

II 

lA 

1 ** 

1 

W 

1 >> 

lA 

Q 

1 

1 O 

(A 

1 o 

Ui 

X 

kO 

• ^ 

tx 

3 

I 

1 o 

(L 

z 

1 

• ta  a 

0^ 

1 O X 

(X 

u. 

1 UJ  Ui 

4 

UJ 

4 

• ►-  *- 

OO 

X 

1 Ui 

1 

• x 

> 

1 

1 

4 

O 

1 

CK 

1 

UJ 

1 

1 

0. 

• 

Ui 

1 

0£ 

1 

• 

1 

(A 

1 

O 

1 

1 

a 

1 

1 

X 

• 

Ui 

t 

‘li 

1 (A 

(A 

1 

z 

1 a. 

o 

1 o 

Z 

1 V 

6-4 

1 

• ••  a. 

O 

o 

1 z 

r 

z 

u. 

• O Q 

o. 

UJ 

A 

1 M UJ  Q; 

^ (A 

1 X 

X 

»»  UJ 

1 4 O X 

¥• 

• (X  O O' 

o 

D 

1 UI  -I 

«o 

CD 

UJ  Z 

• a 

X M 

1 o 

M X 

1 

*- 

1 V 

UI  (A 

1 

1 

CD  3 

1 

1 

M O 

1 

1 

(A 

1 

(A  Z 

1 

o z 

1 

X O O 

1 «• 

O'  1-6 

1 

UJ 

1 

UI  IaJ 

• o 

z 

• 

a.  X ca 

1 UI 

M 

1 

(-4  UI 

1 

u.  o 

uJ 

X ^ 

1 m 

4 

z 

tA 

f 

3 O 

• 3 

IX  Ui 

t-4 

1 

X -1  (X 

1 (A 

u 

o 

1 

6-1  4 a 

• X 

(X  Al 

z 

X 3 

• Ui 

IH 

▼4 

• 

4 cy  o 

• O 

4 

X 

o 

1 

X ui  z 

• CX 

O 

1 

1 3 

v4 

UI 

• 

1 O 

4 

H4 

• 

•• 

1 tA 

o o 

u. 

Ui 

1 

or  ^ 

• UI 

<x> 

Of 

• (A 

> 

4 

o ^ 

1 6-6 

O 6- 

u. 

t-4 

1 o 

u. 

V W 

1 z 

1 

Z o o o o o 
M ^ <M  ^ 

C ^ <NJ  W 


M « tt  u o Ui 

o 

0. 


o o o o 

iD  ^ CD  (T 


< Z C9  ^ UJ 


^Z  OUJOQ^UJlilC/) 


Oi 

iA 


« 


kA 


f 


cu 

lA 


CD 


^D 


tA 


I 


46 


3ISTANCE  FSuH  SOUKCL  IMETERSJ 


HiPIpppn* 


o 

A «« 

•• 

Z 

o 

o 

1 

M 

<M 

o 

< 

• 

o 

tn 

o 

1 

r>w 

M 

u\  to 

u. 

K O 

>• 

1-4 

< 

<x 

W 

X 

UJ 

Z 

u 

(/)  z 

o 

III 

r 

Ui  3 

« 

< 

o 

O ^ of 

o 

a 

1-4 

^ A 

1 

1 

1 

1 

1 

1 

1 

1 

X 

PO 

1 

N. 

1 

o 

X 

> 

1 

o o 

-1 

• 

▼4 

sO  N. 

• 

P- 

“5 

• 

• 

1 

II 

II  II 

iA 

PO 

1 >• 

(/)  o 

• o 

(/)  »H 

• O 

UJ  z 

• -J 

Of  3 

1 o 

a.  z 

1 Of 

a 

Qi 

1 o 

z 

Of  -1 

U. 

1 lU 

UJ 

4 UJ 

< 

1 H- 

H- 

OD  Of 

1 'll 

1 r 

>- 

1 

<s 

f ^ 

Q 

1 

01 

• 

'.U 

1 

0. 

• 

ij 

1 

1 

1 

01 

r 

o 

1 

a 

1 

X 

1 

1 

Of 

1 

UJ 

>4J 

1 

z 

(A 

z 

1 

o 

UJ 

o 

1 

0. 

z 

1 

1-4 

yi 

1 «* 

>> 

z ^ 

n 

1 z 

Of 

0.  z 

u. 

1 o 

IV  Ui 

1 »H 

F*«  (A 

1 w 

»H 

X I 

UJ 

1 < 

^ h- 

W 

• X 

M 

o o 

1 UJ 

z 

^ 00 

lAj 

Z 

• a 

z 

1 o 

Z 

• 

H- 

UJ  (/) 

• 

o: 

1 

3 

1 

►H 

O 

1 

lO 

• 

t/) 

z 

1 

»-4  O 

z 

f 

r o 

o 

1 4* 

ftr 

H4 

1 »- 

UJ 

ijj  ^ 

1 o 

a 

z 

o 

• UJ 

^ >4 

PH 

UJ 

1 *3 

U.  O UJ 

X ^ ^ 

1 fD 

< z 

t/> 

3 

o 

1 zy 

Of  UJ  *H 

r 

-1  Of 

1 (A 

u 

o 

P’4  < (L 

• N 

Of  <M 

z 

X 

» UJ 

►4  »4 

a o 

• O 

o 

Z Ul  z 

1 Of 

o 

-J 

• 3 

^ Ul 

1 O 

4 • 

1-4 

1 (/) 

O O 

u. 

UJ 

f 

t4  I 

0^ 

1 UJ 

1 lA  Of 

3 

1 (/) 

» N. 

< 

o 

1 »H 

O 1“ 

u. 

1-4 

1 O 

u. 

• z 
1 

2oooooau\ 

M^CO-^(MvOrw)T4 

r O'  ^ (>i  W 


z 

t-t  < 

o 

0. 


CD  O O Ul 


O 


< z o ^ u; 


»-tZ  OUiOQfUiUJl/) 


%D 


iS\ 


PO 


fM 


fO 

<Ni 

\I\ 


eo 


sO 


U> 


42 


distance  from  source  (METERS) 


* ^ 

9 

A A M 

^ ■ 

w 

Z 

O 

o 

1 

M 

^ o 

• o 

u\ 

o 

w • 

N> 

0 

M 

tfv  fo 

Ik 

o 

w 

HI 

< 

4 

O W 

Z 

UJ 

Z 

teJ  (/)  Z 

o 

Ul 

X UJ  3 

0 

< 

O 

O QC 

o 

a 

^ ^ 4*^  «» 

A M 

o o 
^ ^ 
N. 


>-  </)  O 

O (/) 

O UJ  X 

-I  3 

O CL  X 

QC  CL 

O X QC  -I 
Ul  UJ  < UJ 
fr-  K ® af 
uJ 


• 

UJ 

a 

1 

z 

CO 

z 

I 

o 

UJ 

o 

1 

0, 

z 

1 

M 

1 

••  V 

X o 

O (O 

1 

z v 

a z 

ti.  u. 

1 

O 4 

/v'  tu 

1 

HI  I- 

»^  (/)  5 

• 

M 

N*  X 

k-  UJ  X 

1 

4 ^ 

t-l  w 

w ^ 

1 

0^  M o o 

3 ^ 

1 

UJ  X 

Ti  03 

uJ  Z 4 

1 

Q. 

X M UJ 

1 

o 

H«  X 

1 

o 

1 

w w 

««  w 

o 

1 

UJ  (/) 

1 

_l  Jf  »4 

• 

0 3 

1 

O ^ 

1 

(/)  ^ < 

1 

CO  z o 

• 

O W 

1 

X O N- 

• 

•• 

0^  0. 

1 

UJ 

UJ  UJ  O 

1 

O 

z 

CL  X 

1 

Ul 

►-  HI 

M Z 

1 

3 

U.  O UJ 

X ^ « 

1 

0 

4 Z (O 

3 O 

1 

3 

iV  Ul  >-• 

X -1  >-t 

1 

CO 

a O 

HI  ^ CX 

1 

X 

S M z 

X 3 >U 

1 

UJ 

H4  ^ 

4 3 X 

1 

o 

4 K Q 

X uK 

t 

(X 

O -J 

1 

3 

▼4  UJ 

• 

O 

4 9 hi 

•• 

1 

CO 

o o u. 

UJ 

1 

Hi  1 

Qi 

1 

UJ 

1 0 0^ 

3 O 

1 

CO 

3»  4 

1 

f-4 

O »-  U. 

*H 

1 

o 

u. 

1 

z 

Z o c 

M ^0  0 

X ^ 


M < 0 

o 

a 


A A aM  A M 

4 

< 

§ 

4 

a. 

r 

• • • • • 

• • • • • 

• • • • • 

• • • • • 

ooooooooooooooooe 


4ZO-JUJ  mZ  OUJOQfUJUJt/) 


100  1000 

OISTANCe  FROH  SOUSCt  (METERS) 


1 


100  1000 

OISTANCt  FROH  SOURCE  <MET£RS) 


0^ 

««  03 

1 Q 

o 

1 

mm 

• 

z 

1 

o 

1 ^ 

(M 

• Z 

e 

1 ^ 

< 

• 

o 

iTv 

1 O 

o 

w 

o 

1 a 

»-» 

u> 

C\J 

1 

u. 

N. 

o 

>- 

1 

»-« 

4 

<I 

1 1 

o 

X 

UJ 

1 1 

z 

UJ 

(/) 

Z 

o 

1 1 

<iJ 

X 

UJ 

n 

<o 

4 

1 1 

o 

o 

(X 

a 

0. 

1 1 

1 1 

A 

A «« 

-<%  ^ 

1 1 

X 


a\  e o 

^ ^ 


{A  Q 
(A  M 
iij  r 
(X  3 
a.  X 


o 

ftT  0. 

O X Of  J 
Ui  Ui  4 uJ 
w ►-  ffi  af 
lAl 

r 


0^ 

u 

z 


1 

••  Z o 

1 

z o x z 

1 

o a.  o.  Ill 

1 

M X 

• 

»*  Ul  X 

• 

4 _|  X ♦- 

1 

X o o o 

-J  fo 

1 

UJ  •-*  N>  cn 

a o 

1 

X 

(/)  ^ 

1 

o 

M 

• 

-1  t/1 

1 

UJ  <X 

1 

1 

UJ  O Z 

1 

-J  ►-  4 

1 

Z ffi 

1 

■ u o 

1 

(X  O UJ 

1 

o > 

f 

mm 

(/)  .1  4 

1 

^ Uj 

t/J  UJ  ►- 

1 

L>  Z 

J > U 

1 

UJ  M 

'X  UJ  o 

I 

3 U O UJ 

a .j 

1 

ec  <t  z (/) 

M 

1 

3 X UJ  M 

Q «J  X 

1 

V>  U O 

Z 4 

1 

V X M Z 

3 3 lA 

1 

UJ  m4 

O O fU 

1 

O 4 V O 

c/)  UJ 

• 

X o ^ 

1 

3 ^ UJ 

1 

O 4 1 M 

m 

1 

(/I  o o U 

UJ 

• 

m4  • 

1 

UJ  1 (X 

3 ^ 

• 

(/)  > 4 

O 

1 

o ^ u. 

1 

o 

U 

1 

z 

I U.  O I M T 


^ OJ  ^ u> 


< Z O U I 


mZ  OUiOCXUJUJl/) 


o o o o 

UX  \D  N>  <0 


so 


1 


DISTANCE.  FROM  SOURCE  (METERS) 


I 

<M 

^ O 

• o 

I 

o 

< 

UJ  (O  z 

SUJ  3 

w Of 


UJ 

o 

< 

CL 


J CO 
(X  o 

(/^  w 


-I  I/) 

UJ  QC 
>30 
UJ  o z 
^ W <3 
Z 03 
•ii  O 
<Z  U Ui 


O 

z 

O X >{ 

lf\  o o 

^ ^ 

(I  11  II 

>“  t/)  o 

O (/)  tH 

O UJ  z 

^ QC  3 

o a I 

Of  a 

O Z J 

ui  UJ  < UJ 
K O 
UI 

z 


(/) 

oc  z 

111  M 

••  z o 

z o z z 

O 0.  O.  lU 

V-  UJ  X 
«X  J >«?  f- 

af  o o o 

il  1-4  N-  <B 

0. 

O 


3 > 

1 

•• 

t 

UJ 

(/)  UJ  1- 

• 

o 

r 

oi  > o 

1 

UI 

'•IW 

w 

ar  UJ  o 

1 

3 

u. 

O 

UJ 

a ^ 

1 

O 

4 

z 

t/3 

rsj 

1 

3 

(X 

UJ 

O -I  Z 

• 

(/> 

O 

o 

Z 

• 

V 

(Z 

'M 

z 

3 3 0 

1 

U 

»-« 

O O ID 

1 

a 

4 

N» 

o 

(/>  •aJ  ru 

1 

z 

1 

3 

uJ 

• 

O 

4 

f 

•• 

• 

(/) 

O 

o 

u. 

Ui 

1 

1 

Qt  

1 

lU 

1 

oc 

3 ^ 

1 

</> 

> 

D. 

4 

O 

1 

o 

H- 

u. 

*-♦ 

1 

o 

u. 

1 

r 

CDU\OU\oa\aUNQ4l>0 


M<0oouju.orM^ 

o 

a 


vO 

u> 


oooooooooooooooooo 


<lZOJUJ  mZ  OUJOCZUiUJt/) 


51 


100  1000 

DISTANCt  FROM  SOURCE  (METERS) 


ii 


A 


100  1000 

DISTANCE  FkOi  SOURCE  (NETERS» 


1 


«• 

z 

o 

o 

• 

w 

<\J 

o 

4 

• 

o 

l|\ 

O 

• 

fN. 

fo 

M 

4rt 

CNJ 

u. 

K O 

> 

»-4 

4 

4 

O 

Z 

UI 

z 

UJ 

(/)  z 

O 

Ui 

z 

UJ  3 

« 

4 

Q 

O H*  (X 

O 

0. 

»H 

«S 

««  A ^ 

-J  iA 
Ui  O 
> 3 Z 
UJ  O 4 
^ CO 

z 

UJ  O UJ 

o > 


U>  a a 

^ vO  h. 


V t/)  Q 

O (/I  M 

O LaJ  z 

^ 3 

o a.  X 

IX  a. 
o z or 

UJ  UJ  4 Ul 
»-  ►-  flO  (X 
UJ 


0^  z 

UJ  •"< 

••  z o 

z o z z 

o 0.  a.  UJ 

*-•  tx 

^ UJ  z 
4 J X ►- 
<X  O O O 
UJ  CD 

0. 
o 


3 4 

1 

•• 

(/)  -J  »- 

1 

UJ 

C/t  UI  CJ 

1 

o 

z 

UJ  > O 

1 

UJ 

W M 

CX  UJ 

1 

n 

U.  O UJ 

a -j  NJ 

1 

00 

4 Z (/) 

X 

1 

3 

<X  UI  H-I 

o ^ 

1 

U) 

o o 

Z 4 O 

1 

V 

CX  (NJ  z 

0 3 0 

1 

UI 

M ^ 

O or  o 

1 

o 

4 V O 

C/)  UJ  ^ 

1 

X 

O ^ 

1 

3 

^ Ul 

1 

o 

4 1 

•• 

1 

(/) 

o o u. 

UI 

1 

^ 1 

• 

UJ 

1 U>  (X 

o ^ 

• 

(/) 

> K 4 

o ^ 

I 

O U. 

M 

• 

o 

u. 

1 

z 

cD4noii\ou\omoij\o 


l-•4a^oouJ^.oXl 

o 

a 


o 

I • • o 


4 • 


4 • • 

• 4 • 

4 • 

■CO^^  • 4 4 


U ^CD** 


: / 

• • • • • • • 0«  —03^^  •/  • 

CO^^^Or  • I 


O • 

• O 


X : o" 
\ ! -^S 


.\k 


•?  i/N-^ 

• • •••••••  ^Or  • I 


• ^ • • • 


o u; 

o • 


• o 
> • • • 

o 


X*  o 

: 


X : 


4 • 

4 4 4 

• 4 


U • 

o o o 


o • 

I • • • • (3  • c9 


V* 


ooooooooooooooooo 


4ZO^UJ  »-«Z  OUiOXulUJl/) 


100  1000 

OISIANCE  FROM  SOURCE  <METERS» 


laoo 

DISTANCE  FROM  SOURCE  (METERS) 


.Jd 


100  1000 

OISTANCt  FROM  SOURCt  (METERS) 


1000 

DISTANCt.  FROM  SOURCe  (METERS) 


too  1000 

OISTANCt  FROM  SOURCE  (METERS) 


5S 


lao  1000 

DISTANCE  FROH  SOURCE  tMETERS) 


«• 

z 

o 

o 

1 

M 

M 

O 

< 

• o 

(A 

o 

M 1 

P>« 

M 

l|\  ftJ 

(M 

(fe 

K e 

M 

< 

< 

M 

O M 

Z 

UJ 

Z 

UJ  (A  Z 

o 

UJ 

Z UI  O 

•D 

4 

o 

O M 0^ 

o 

a 

M 

• 

A ««  «i% 

^ A 

-I  c/) 

UJ 

» 3 O 
Ui  o z 
^ ^ < 
z m 

UI  o 
U UI 


O z X 
U>  o o 


>*  (AO 

O (AM 

o Ui  r 

-i  « 3 

O Ql  X 

o. 

o r q;  -I 

UJ  UJ  < Ui 
M M (S  0^ 
UJ 

z 


(A  (A 
O.  UJ 
O Z 

V M 

••a.  o 
z z z 

O O (X  III 
M UI 

M ^ z 

« O X M 

Z O o 

Ui  J «>  CD 

ft. 

o 


o » 

1 

«• 

(A  ^ 4 

1 

M 

UI 

tA  UJ  ^ 

1 

o 

z 

^ > O 

1 

UJ 

M M 

« J o 

1 

U.  O OJ 

& ^ 

f 

o 

4 Z CA 

NJ 

1 

3 

(Z  UJ  M 

O ^ Z 

• 

(A 

O o 

Z 4 

1 

Sfc 

0^  (NJ  Z 

3 3 0 

1 

UJ 

M M 

O O lA 

t 

3 

4 K O 

A UJ  CM 

1 

0^ 

O ^ 

1 

3 

M UJ 

1 

O 

4 • M 

•• 

• 

(A 

a o u. 

UI 

1 

1 

1 

UJ 

1 \0  <x 

3 

1 

(A 

> 4 

O ^ 

1 

M 

O M U. 

M 

1 

O 

U. 

1 

z 

(A0tf\0(n0IA0tA04A0 


<OOOUiU.OZM*)^U 


• O O 

• • 

* : 


• I 


o 

• • • o • < 

^\S 


o 

• o • • 


o • 
> o • • * o 


^ ^ ^ 


o u 

) • • • 


• 

C — 

* • * >c^  ‘ * ' 


• • • • • 

V:/ 


o • 

> • • o • o 


O UJ 

w o r 


<0  o 

3 

O 

(A 

sO 

z 

o 

tfV  0£ 


(A 

lA  M 
O 


oooooooooooo 

(MfA^lD^KQOCroMCsiro 


4ZO^UI  MZ  OUiOQ^UJUJtA 


o o o o 

UN  U)  flo 


100  1000 

OISTANCE  FROn  SOURCE  (METERS) 


o 


(Dusomou\otf\oa\oii\o 

ai^^4'U\u\ti)vOf^K.co«(r 


I 

(N« 
^ O 


UN 


^ I 

UN  <Vi 

o >• 

< < 

vd  ^ £ Ui 

UJ  (/>  z o 

Z UJ  3 40  4 

O ^ Of  O a 


O 

X 


J o 

a.  o 

l/)  w 


^ 01 
ol  0^  O 

> o z 

Jj  O 4 
ta 
z 


UN  O o 

▼4  ^D 


II  II  II 

> t/>  o 

O V)  i-» 

O UJ  z 

-J  (Z  3 

o a z 

v a 

o z (X  u 

Ul  UJ  4 UJ 
H*  ►-  CD  o' 


(/)  (/I 

a UJ 

o z 
<y  »-i 
••ft.  o 
z z z 

O ^ O.  lU 
»-l  UJ  0^ 

^ X 
4 O X 
(X  O ON  O 
lU  .J  9 CD 
iX 
O 


UJ  O UJ 

1 

(X  u ^ 

1 

^ 4 

» 

m 

^ N» 

1 

UJ 

f/)  UJ  o 

1 

U 

z 

u/  > o 

I 

UJ 

(X  UJ 

• 

u 

UJ 

ft.  ^ fsi 

1 

ro 

4 

Z Oft 

X 

1 

(X 

ul  M 

9 -i 

1 

(A 

o 

o 

Z 4 O 

1 

N 

(X 

^J  z 

3 0 0 

• 

UJ 

♦4 

O o O 

1 

O 

4 

N O 

(/)  UJ  w 

1 

(X 

O 

• 

3 

UJ 

1 

O 

4 

• M 

«• 

• 

01 

o 

o u. 

UJ 

1 

t4 

1 

• 

UJ 

1 

^ (X 

1 

(/) 

> 

^.  4 

1 

l-H 

o 

^ u. 

• 

o 

W 

1 

z 

100  1000 

DISIftNCE.  FROM  SOUKCt  (McTERS) 


100  1000 

QISTANCt  FKOn  SUURCb.  (METERS) 


100  1000 

□ISTANCE  FROM  SOURCE  (METERS) 


Ux  , j u 


J ffi 

a o 

(A  ^ 


-J  f/i 
Ul  Of  Q 
>32 
UJ  O < 
•I  H>  ffi 

z 


X 

(-)  X X 


lA  O O 
▼4  K. 
K. 


(n  o 

C/)  l-» 
UJ  z 
a?  3 

a r 


o 

m a 

O Z CkT  ^ 
UJ  UJ  4 UJ 
^ ^ CD  (X 
tU 


(/J  (/) 

0.  UJ 

o r 

^ M 

••a.  o 

2 r z 

O o Q.  UJ 
UJ  0^ 

w X 
4 O X ^ 
0^  O (T  o 

UJ  J dO  CQ 

O. 

O 


UJ  O UJ 

1 

□c  u > 

• 

3 4 

1 

w 

(/)  N> 

1 

W 

UJ 

(/>  UJ  O 

1 

o 

r 

UJ  > O 

1 

UJ 

H*  M 

()£  UJ 

1 

-» 

u.  O UJ 

& ^ 

1 

0 

4 Z (/I 

Z 

• 

3 

(X  UJ  M 

o ^ 

• 

(/I 

y ° 

Z 4 O 

1 

(X  (M  Z 

3 3 « 

1 

UJ 

M v4 

O O C9 

» 

O 

4 N O 

(/>  UJ  V 

1 

QC 

a 

• 

3 

UJ 

1 

O 

4 1 M 

•• 

1 

(/> 

O O U. 

Ul 

1 

^ 1 

1 

Ul 

1 0 0^ 

3 ” 

1 

(A 

> K 4 

o ^ 

1 

O U. 

M 

1 

o 

Ik 

• 

z 

1 

^ ^ ^ ^ 

^ 

CD 

t 

• o 

1 

O 

1 

% 

«• 

-»• 

1 

1 

Z 

o 

• 

1 

o 

1 

1 ^ 

• 

»-l 

<M 

• z 

1 

^ O 

• M 

1 

4 

• o 

in 

1 o 

1 

u 

^ 1 

n. 

• a 

• 

in  nj 

M 

• 

1 

u. 

N.  o 

> 

1 

4 

4 

1 1 

1 

O ^ 

z 

UJ 

1 • 

1 

z 

UJ  (/)  2 

o 

1 1 

1 

UJ 

Z UJ  3 

« 

4 

1 • 

• 

o 

O H>  <X 

o 

a 

1 1 

t 

»-4 

• 1 

1 

4-» 

^ 

1 1 

I U.  O X M 


» ^ A ^ A ^ M 

k 

k 

• 

• 

• 

• 

» 

» 

k 

k 

k 

k 

k 

k 

k 

k 

• 

• 

1 

k 

• 

• 

• 

k 

k 

k 

• 

• 

• 

• 

» 

» 

» 

k 

• 

• 

• 

• 

• 

• 

» 

» 

k 

• 

• 

• 

» 

» 

» 

k 

» 

k 

k 

k 

k 

k 

k 

• 

• 

• 

• 

• 

• 

» 

» 

k 

k 

k 

k 

k 

k 

k 

k 

• 

• 

• 

» 

» 

k 

k 

k 

k 

• 

• 

• 

• 

k 

k 

• 

• 

k 

k 

k 

k 

* ' 4 ' * " 

• 

1 4 

» 

» 

k < 

k 

k 4 

4 < 

k 4 

c 

k 4 4 < 

“ 

k 

k 

4 4 4 

• 

• O 

3 c 

• o 

V ” 

. >co  V 

rL 

» O C 

k cQ«—  rn  ™ p* 

I 

k ^^15—0 

k 

3— C 

• 

• UJ 

• u 

J UJ 

^C3  O C 

\S 

* O 

» o 

i^\I/ 

k 

k o o <_ 

k o o 

1 o 

X* 

» u 

k 

» oi 

k 

1 ^ 
k OJ 

k 

k 

k 

k 'U  UJ  u 

k Uj  Ul 

1 Ul 

• o 

• 

• O (- 

• 

9 

ry- 

:2. 

k * U 

k 

k _ U 

K ■ 

k u.^u.«-*u 
J 

k 

i\... 

k ~ O 

k 

k 

O 1. 

• ►-» 

• 

• 

• 

\ 

o 

k 

k 

k 

k 

k 

k 

• 

1 

k 

k 

• 

I 

k 

k 

w w ^ w w ^ 

%D 

in 


o o 


^^^ro^ln^^>^.<o<^o^nJw^ln^^)N•® 

4ZO^UJ  *hZ  0UJ0(XUJUJ(/J 


n 


iJ 


100  1000 

DISTANCE  FROM  SOURCE  (METERS) 


100  1000 

OISTANCt  FKOM  source  (METERS) 


100  1000 

OISIANCfc  FROI1  SOURCE  (M£TERS» 


IQC  1000 

DISTANCE  FROi  SOURCE  (METERSJ 


a)a^ou^ol^ou^ou^oa^oJ^e 


^o^-nos  wowj  ^ONvi^ic 

COOT  OOX 


100  1000 

DISTANCE  FROM  SOURCE  (METERS) 


IdO  lOQO 

DISTANCt.  FROM  SOURCE  (METERS) 


< 

o 


z 

111 

a 


I 

CsJ 

^ o 

• o 

^ I 

t 

K < 

< 

o ^ 

ui  <A  : 
r UI ! 
O ^ ( 


-I  00 

a.  o 


j (/) 

Ui  Of  o 
> 3 Z 
UI  O < 
^ ^ ffi 


fN.  m 

<v 

>» 

<x 

Z UJ 

o 

CO 

o a 


o 

Z 


ix>  o o 
«-*  vO 
N- 


11  M » 

«• 

>•  (/)  Q 

O (/>!-• 
O UJ  z 

^ Of  3 

o ax 

Oef  O. 

O Z W 

Ui  UJ  < Ui 

►-  K CD  Of 
UI 

X 


3 (/) 

O UJ 

0.  z 

M 

> z o 
z 0.  z 

o « V liJ 
M »- 

h»  M N X 
<r  -I  w >- 
« M o o 

UJ  Z ^ 00 

a 

o 


Ui  O UJ 

t 

0^  o > 

1 

3 4 

• 

M 

^ H> 

1 

>• 

UI 

(/)  Ui  O 

1 

o 

z 

UI  > o 

1 

UI 

0^  Ui 

1 

3 

U.  O UJ 

a «i  INI 

1 

CD 

< Z (/) 

X 

1 

3 

0^  Ui  M 

o ^ 

1 

(/> 

u o 

Z < o 

1 

N 

IZ  (U  z 

3 0 0 

1 

UJ 

M ^ 

o cr  o 

• 

O 

4 V O 

(A  ui  ^ 

1 

iZ 

o ^ 

1 

3 

^ UJ 

1 

O 

4 1 M 

«• 

1 

1/) 

O o W 

UI 

1 

^ 1 

• 

Ui 

• ft 

3 " 

1 

01 

> 4 

o ^ 

1 

M 

O ^ U. 

•-f 

1 

o 

u» 

1 

z 

a)u>o;r\otf\ouNou\otf>o 

or«)^^i^u^^o«i)KK.oo<1e(^ 


z 

M < CD  U O I 

O 

0. 


, O X M n ^ J 


^D 

a\ 


iD 


OOOOOOOOOOOOOOOO 


itfzo-jui  X auiO(ZuiUi</) 


73 


100  1000 

distance  from  source  (NETERSI 


A A ^ 

A 

— — 

— ou 

1 Q 

o 

1 

•• 

1 

z 

o 

1 

o 

1 

1 k- 

M 

AJ 

1 z 

k* 

^ o 

1 M 

• o 

lA 

1 o 

O 

^ 1 

1 a 

lA  m 

AJ 

1 

u. 

A>  O 

>- 

1 A 

1-^ 

< 

1 1 

z 

Ul 

1 1 

z 

UJ  ca  z 

o 

1 1 

tij 

Z UJ  3 

« 

< 

1 1 

o 

o k*  a 

o 

a 

1 • 

1 1 

— 

^ A ^ 

— 

— 

• 1 

J 01 
uJ  O 
» 3 Z 
Ui  O «< 
U rc 
Z 

•&J  o Oi 
0^  o :> 


UN  o o 


>-  (/>  o 

(/)*-! 
O Ul  z 

-I  Cl^  D 

o ax 

^ a 

o r <x  ^ 

UJ  Ui  < UJ 
CD 
'iJ 


••  V X o 

z a z 

O «*  O'  lil 
»-•  H- 

»-  IH  X I 
«J  ^ ^ 

a •-«  o o 

>ij  z ^4  m 

a 

o 


3 < 

• 

•• 

(/>  ^ ^ 

1 

Ui 

(A  UJ  O 

1 

o 

z 

oJ  > O 

1 

UJ 

k-  H4 

a ui 

1 

U.  O Ui 

a ^ Ni 

1 

(S 

< Z 01 

z 

1 

3 

UI  »-• 

o ^ 

• 

(/) 

o o 

Z < a 

• 

X 

a Ai  z 

3 3 0 

t 

Ui 

M v4 

O C3  o 

• 

o 

4 V O 

(/)  Ui  o 

1 

a 

o w 

• 

3 

^ Ui 

I 

O 

4 1 »-• 

•• 

1 

1A 

O v9  u. 

lii 

• 

• 

1 

UI 

• a Qt 

3 " 

1 

(/> 

» lu  4 

o 

1 

N4 

O k-  U. 

1 

o 

u. 

1 

z 

o u u 


n2<c 


CD— -a- 
> • • • 

o o 


' • • • 

»*CD  < 


o c 

f > 

Q C 

\j:r 


.V/ 


' I • • *3 

X/ 


• • • 

4 


• • CJ 


< 4 


•4  O Z 
O — 

Ll 

<x>  u 

r> 

o 

(/) 

a 

z 

o 

iA  a 


UJ 

^ O 


in 

m i-i 
Q 


oooooooooooo 

^fVi#«)^(A«ar>»cD(r»o^(Nj 


<Zid^UJ  »^Z  OUjO(XUJUl(/) 


o o o o o 
^ lA  a <o 


«U.S.Qovtrnm«nt  Printing  Offlct:  1977  — 757-080/230 


h 


